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RESEARCH MEMORANDUM

FLIGET-DETERMINED BUFFET BOUNDARIES OF TEN ATRPLANES
AND COMPARISONS WITH FIVE BUFFETING CRITERIA

By Burnett L. Gadeberg and Howard L. Ziff
SUMMARY

The flight—determined buffet boundaries of ten alrplanes are pre—
sented. Comparisons are made with five possible buffeting criteria
which are related to airfoil—section characteristics. The general con—
formity of the trend of the buffet boundaries (in terms of 1ift coeffi-—
cient and Mach number) with that of the criteria for seven of the eight
straight—wing airplanes indicates that the wing was probably the primary
cause of the buffeting. A reasonable estimate of the buffet boundary of
a straight—wing airplane may be obtained from the criteria discussed.

INTRODUCTION

One of the Pfirst Pactors of concern in the study of buffet character—
istics of airplanes is the establishment of conditions of 1lift coefficient
end Mach number at which airplane buffeting occurs (detectable by the
pilot or by sultable instrumentation); e second factor is the relstion of
the buffet boundaries so determined to some criterion which will define
the occurrence of a flow change on some major component of the alrplane.

It appeared likely that information on the sbove two polnts could be
obtained from a study of existing flight records which originally had
been obtained and analyzed for purposes other than a study of buffeting
characteristics. Such an examinstion of flight data on file at Ames
Aeronsutical Leboratory resulted in sufficient information on six air—
plenes to establish the buffet boundaries. To supplement these results,
data on four other airplanes were obtained; ons from tests conducted at
Iangley Aeronsutical Laboratory and three from tests at the RACA High—
Speed Flight Research Station.

This report presents the flight—determined buffet boundaries of

these ten airplanes and compares them with five criteria based on
alrfoil—section characteristics.

CORFIDERTIAL
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SYMBOLS

/b2
wing aspect ratio kg-
the ratic of the net serodynamic force along the airplane Z axis

(positive when directed upward, as in normal level Iflight), to
the weight of the airplane

wing span, feet .

WAz
alrplane 1ift coefficient \?
1 .

wing root chord, feet

average height of stabilizer root chord sbove wing root chord, fest

.Pree—stream Mach number

lift—-divergence Mach number (free—streem Mach nunber &t initial
inflection point of curves of section 1lift coefficlent versus
Mach number at constant angle of attack)

force—peak Mach number (free—stream Mach number at peak of curves
of section 1lift coefficient versus Mech number at constant angle
of attack)

critical Mach nunber of airfoll sectlon .

free—stream Mach nunber at which flow at airfoil crest first
reaches sonic velocity

free—stream Mach minber based on empirical buffeting criterion

average Mach number difference between buffet boundaries and
criterion

difference in Mach number between buffet boundary and M,
difference in Mach number between buffet boundary and Mp
difference in Mach number between buffet boundary and Mg,
difference in Masch number between buffet boundary and MB
difference in Mach number between ‘buffetlbou.nda.ry and My

dynamic pressure <%pv2) s pounds per saugre foot

L T
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wing aree, square feet
true airspeed, feet per second
airplane weight, pounds

é.n.gle between flight path and line through trailing edge and
TO—percent—chord point of wing upper surface

o € <« w

P atmospheric denslty at altitude, slugs per cubic foot

A angle of wing sweepback, degrees

DESCRIPTION OF THE AJRFLANES

All the test vehicles were single—engine, single—place airplanss,
the major differences of which can be determined from the following
grouping:

Conventional | r F8F—1 } Air—cooled engine |
airfoil ] )
Propeller
sections L P-39N > driven
- F-51D Liquid—cooled englne
Straight, ] ¥-51H '
low wing 1
F-80A } Wing—root inlets
YF-8La
Low—drag L D558-1 Nose inlet Jet
alrfoil < propelied
sections Swept, { F-86A
low wing
Swept, { D-558-2 } Flush inlets
mid-wing -
Straight, X1 ; Rocket
L mid-sring _ propelled

Figure 1 shows two—view drawings and soms specifications (including
hi/c,.) of the airplanes, and figure 2 shows wing—root airfoil—section

conumane)



L Rl - NACA RM A50I27

contours. More detailled particuylars mey be obtained from the references
listed as follows: :

Airplane ; : Reference
1 (airplane 2)

o o 8 o o a s
. . .
s s o e & 2 s e @
o . .
s s s e .
..l.".lﬂ
\O 01 O© O Fw

INSTRUMENTATION

A1l the airplanes tested were equipped with standard NACA photo—
graphicaelly recording instruments for measuring airspeed, seltitude; and
normael acceleration as functions of time. Alrspeeds were corrected for
position error in all cases except for those instgllations where the
error was considered negligible. In addition to the afore—menticned
instruments, the D-558-1, D-558-2, and X-1 airplanes were equipped with
strain gages installed in the wing roots.

TEST PROCEDURE

Becauseé the tests were perfarmed at different times and places, the
test procedures veried and are described individuelly.

F8F—1

Flight tests were made at Mach nuwbers ranging from 0.50 to the
mexlmum practiceble, end for normal accelerations ranging from those of
steady flight to values corresponding to 1ift c¢oefficients of about 1.10.
The test altitude was 20,000 feet +6,000 feet. Data were obtained in
steady dive pull—outs, during which the pilot tried to hold constant
acceleration while allowing the Mach number to vary.



NACA RM A50I27 o m 5
P-39N

Tests were run at Mach numbers from 0.60 to 0.80 at altitudes rang—
ing from 4,000 to 12,000 feet. Date were cbtained by graduelly increas—
ing the ascceleration (from values corresponding to a 1ift cocefficient of
almost zero to those for a 1lift coefficient of 0.80) while holding the
other conditions approximately constant.

51D

. Abrupt stalls were made at altitudes of 10,000, 20,000, and 30,000
feet, and at Mach numbers from 0.50 to 0.63 by pulling the airplene up
as sharply as possible, with inertis, control power, end stebility as
limiting factors. Gradusl stalls in turns were alsc made at 30,000 feet
and st Mach numbers from 0.50 to 0.65, and pull—ups through the buffet
boundary were made within the Mach nunber range from 0.6k to 0.80 until
vibration of the airplane became objectionable to the pilot. The lift
coefficients ranged from spproximstely 0.15 to 1.10.

F-51H

Test procedures for this alrplane were si:ﬁilar to those for the
F8F airplane.

F-80A

The airplane was first stabilized in steady straight runs, and then
rolled into gradually tightening turns, keeping the airspeed approximately
constant until the stall, or to the highest safe acceleration. This tech—
nique was used at Mach numbers below 0.78. Data for higher Mach numbers
(up to 0.86) were obtained during pull-ups from shallow dives. The test
altitudes varied from 20,000 to 35,000 feet, and the normal acceleratlons
ranged from that for steady flight to that for & 1ift coefficient of 1.10.

Tr-8iA

Tests were made in steedy turns at 35,000 feet at various accelere—
tions and airspeeds, for the lower Mech number renge (below 0.80), and
in pull-ups at that altitude for the hig]':ter Mach nunbers (from 0.80 to
the meximum attained). The 1ift coefficients obtalned varied from O to
0.85. The zero lift coefficients were obtained in push—over maneuvers.

-1

Data were obtained by diving the elrplene. The boundary was pene—
trated et various asirspeeds by varying the normel acceleration in

oo
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pull—ups from steady flight values to those for 1lift coefficients of
approximately 0.90.

D-558-1

Buffet—boundary points below a Mach number of 0.81 were obtained
during accelerated turns, whereas those above 0.8l were obtained during
pull-ups from dives. The 1ift coefficients ranged from 0.10 to 0.90.

D-558-2

Data were obtained, with slats closed, in stalls and turns at alti—
tudes varying from 10,000 to 25,000 feet. The Mach number was varied
from 0.60 to 0.90, and the 1ift coefficient ranged from 0.10 to 0.90.

F-86A

Below a Mach number of 0.92, data were obtalned in pull—ups from
level flight at an altitude of approximately 35,000 feet. In the higher
Mech number range (above 0.92), the airplane was dived to attain the
desired speed, then pulled up through the buffet boundary at about the
same altitude. Lift coefficients varied from approximstely O to 1.20.
The zero 1ift coefficients were obtailned in push—over maneuvers similar
to those performed with the YF—84A airplanse.

DETERMINATIOR OF BUFFET BOUNDARIES

For the purposes of this report, buffeting wes considered to be
first encountered by an ailrplane when the accelerstion oscillations at
the center of gravity underwent a noticeable increase in amplitude from
that normally encountered. A typlcal time—history recording of such
acceleration changes is shown in figure 3.

The point at which an airplane cen be said to start buffeting will
be determined by the least noticesble increase in the width of the .
recorded accelerometer line. It has been found from experience that the
least change in line width that can be detected consistently is approxi—
mately £0.005 inch. (An error of as much as 25 percent in the determina—
tion of this chenge in line width would cause but a negligible change in
the buffet boundery.) Changes in acceleration as low as +0.03g were
determined from records from typical NACA recording sccelerometers of the

J.
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type used to obtain most of the deta presented herein. Buffet boundaries
thus determined define the lowest limit at which an unsteadiness in the

1ift force occurs and do not necessarily indicate operational limits of
the aircraft.

Since there has been some question as to the difference between.
pilots?! opinions of beginning of buffet, and the boundery indicated by
instruments, the pilot of the F8F-1 airplane was supplied with a means of
merking the photographic records st will, and was requested to indicate
the point at which he considered buffeting to start. A comparison of
points thus selected and those indicated by the scceleromster is pre-—
sented in figure 4. For this particular combination of pilot and airplane,
the two buffet boundaries are alimost idenmtical. Similsr results hsve bsen
noted with the F—86A and D-558-2 airplanes (reference 8). It has been
shown that the minirmm normal sccelerstion detectable by a pilot is approx—
imately +0.0kg (reference 10), which 1s compareble to the minimum normal
acceleration detectable on the NACA accelerometer records, so it might be
expected thet the agreement should be ‘good except for a slight time lag
in the pilott!s reactions.

The airplane 1ift coefficients and Mach numbers corresponding to the
beginning of buffet, as defined above, were considered to define the
buffet boundary. These 1lift coefficlents were celculated from the equa—
tion - oo :

Tt is seen from the equation that the 1ift was assumed equal to the normal
force, WAy. Although this is not rigorous, since the 1ift is a function
of the normal and longltudinal accelerations as well as the angle of
attack of the alrplane, it was determined that the maximum deviation was
only of the order of 5 percent. It was realized that the total airplane
1ift thus determined included those portions contributed by the propeller,
fuselage, and tail; however, this total ailrplsne 1ift was used &s a
reasonsble spproximation of the wing 1ift for the purpose of camparing the
buffet boundsries with the various buffeting criteria.

The buffet boundary of the F-51D, determined in a similar manner, was
obtained from reference 3. The boundaries for the D558, X1, and
D-558-2 airplanes were obtaeined from reference 8. Time—history recordings
of load Ffluctuations, as indiceted by strain gages mounted on the wing
roots, were used in addition to accelerometer records to indicate points
of incipient buffeting for the latter three airplanes. (Boundary points
obtained from the two records coincided.)
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TEST RESULTS

In figure 5, expérimentally obtained points of incipient buffeting
ere presented In terms of 1ift coefficient as a funciion of Masch nunber,
for the eight airplanes for which these points were availsble. Also
shown are the buffet boundaries which have been Paired through these
points. It should be noted that there is considerable scatter in the
test points (the amount varying from airplane to airplamne), which perhaps
is due to other varisbles, such as rate of change of Mach numrber, pitch—
ing velocity, minute changes in wing surfece, etc. These effects may be -
such &8 to alter the 1lift coefficlents -at which buffeting begins, so that
the scatter shown may not necessarily be due to experimental inaccuracies.
This fact should be borne in mind when the buffet boundaries are compared
with the various computed criteris in the comparisons section of this
report. , ’

The buffet boundary of the YF—84A (fig. 5(f)) shows a rapid change
in slope at low 1lift coefficients, Whether or not this indicates that
the buffet boundary for this airplane does not extend to zero 1lift coef—
ficlent is not known; however, no apparent buffeting was obtained at zero
1lift coefficient for Mach numbers as high as 0.84.

The dashed portion of the F—86A buffet boundary (fig. 5(h)) should be
noted. This is an extension where boundary points were not obtained but
definite buffeting points were determined beyond the boundsry at a 1ift
coefficient as low as 0.081, sbove a Mach number of 0.97.

Also shown in figure 5 are the limits of penetration beyond the
buffet boundaries obtained during the course of the flight tests. The
Penetrations were not normally limited by buffeting intensities since the
tests were not conducted for the purpose of exploring the maximm toler—
able buffeting. However, the conditions for which elevator structural .
failure imposed an upper limit on the 1lift coefficient attainsble are
noted Iin two of the figures.

DETERMINATION OF BUFFETING CRITERIA

The selection and application of the buffeting criteria discussed
herein were besed on several simplifying assumptions. The basic assump-
tion made was that the source of the buffeting was some characteristic
of the airfoil. Thus all the criterisa ‘considered sre more or less based
on airfoll—section characteristics that might promote this buffeting.
Another assumption was that the initial buffeting occurred at the wing—
fuselage Junction, so that on a wing with varying profile from root to
tip, only the root profile was considered. The root—section lift coeffi—
cient was assumed to be equal to the total airplane normal—force coeffi—
cient. This assumption was Justified in pert by the fact that the
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theoretical span loading distribution (reference 11) for all the straight
wings was such that the root section 11Pt cosfficient veried by no more
than 6 percent from the average lift ccefficient over the span. For the
criteria which are based directly on angle of attack (Mg and Ms), the
lift—curve slope was estimsted by use of the aspect—ratio correction
described below. Further possible refinements such as the effect of the
induced velocity of the fuselage, or the increment of velocity in the
slipstream, wore not considered.

The foregolng applies to the use of the several criteria on the
straight—wing airplanes., Application of the criterla to the swept—wing
airplanes is discussed in the comparisons section of this report. The
sources of the date used (references 12 to 20) are noted in table I.
For those cases where dsta were not avallable for the exact airfoil

sections, the closest sections for which data were available are indi—
cated.

M,  Critical Mach number.— Since the critical Mach number (Mer)
& represents the sSpeed at which sonic velocity is first reached

on an airfoil, 1t should be expected to be only an approxi-
mete measure of the onset of buffeting. Parenthsetlicelly, it
may be noted that there is a break in the critical Mach
number curve as 1t is usually presented, which 1s due to the
fact that there are two regions on the alrfoil sectlion where
sonic veloclty can be reached — near the nose and over the
mid—portlion of the chord.

The varletion of critical Mach number of an slrfoil
with 1ift coefficlent is fairly readlly calculable without
the aid of wind—tunnel data (reference 12). This procedure
is useful on occasion when sufficient data are not avail—
gble for use of more accurate methods of defining condi—
tions of flow change.

M Mach number of sonic flow at crest.— A somewhat more

B refined indication of flow conditlons over the airfoll may
be the Mach number at which sonic velocity 1s first
reached at the crest of the airfoil (herein called ).
As shown in reference 13, there is & correlation between
this criterion and the Mach number of drag divergence s 8

Phenomenon which may also be associzted with the imminence .
of buffeting.

This criterion also can be used without recourse to
wind—tunnel data. Its applicetion requires an estimate of
not only the pressure distribution, but also the angle of
attack, since the crest of the alrfoil is defined as the
point where the upper surface is tangent to the free—stream
direction. In the evaluation of Mﬁ for this report, the
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angle of attack for an arbitrary crest point was first deter—
mined. Then the low—speed lift<curve slope was estimated
from reference 21, taking into account the aspect ratio. With
those two quantities, the low-speed 1lift coefflcient was
obtained, which in turn, allowed the determination of the
theoretical pressure coefficient at the crest. As is shown
in reference 13, the value of Mg can then be determined
directly from the low—speed pressure coefficient. A new
lift—curve slope was found using the sspect ratic corrected
for compressibility effects, and a second Mach number was
calculated. Since these successive approximstlions showed
rapid convergence, only two were made. Finally, the low—
speed lift coefficient was corrected by the Pra.ndtl—Glauert
factor.

Lift—divergence Mach number.—~ It is normsl for the 1ift
coefficlent at a constant engle of attack toc increase with
Mach number at & progressively greater rate until an inflec—
tion point is reached at a Mach number somewhat higher than

Mer, and then to increase at a progressively decreasing
rate until a peak is reached. This inflection point on the

curve is defined (reference 14) as the Mach number of 1lift—
divergence and is referred to herein as Mp. Since this is
the point at which the 1ift characteristics of sn airfoll
began to change, this lift—divergence Mach number may serve as
a useful buffeting criterion.

Lift—peak Mach number.-— It may be reasoned that the buffeting
of an sirplane will be of minor megnitude umtil drastic flow
changes have occurred. Such a condition will be defined by
the pesk of the 1ift curves previously mentioned and the Mach
number of this point will be referred to as Mp. The same
wind—tunnel data may be used to evaluate the lift—peak buffet—
ing criterion as that used for the lift—divergence criterion.

Empirical buffeting criterion.—~ The last criterion for the
determination of the buffet boundary, compared with flight

data herein, 1s that obtained by the method suggested in
reference 15. In the reference, it is shown that the pressure
distributions over the aft 30 percent of a number of airfolls
are almost constant up to a particular Mach nunber, and then
deviate widely with increasing Mach number. Since thls devia—
tion with increasing Mach number is due to the adverse pressure
gradient which 1s a partisl function of the slope of the aft
portion of the alrfoil, it was reasoned that the Mach number
at which buffeting begins should be a function of the slope of

the aft portion of the airfoil. An empirical relation was found,

for a number of airplanes, between the Mach number of incipient
buffeting and the angle 8 between the line of flight
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and a line drawn between the trailing edge and the TO—percent—
chord point of the upper surface.

The criterion (referred to as MS) was evaluated by
determining the angle &, <for various airplane angles of
attack, and using it In conjunction with the empirical curve
of reference 15 to establish the Mach number at which buffeting
starts. The corresponding lift coefficient was found by esti—
mating the lift—curve slope {using reference 21),t mitiplying
it by the angle of attack, and correcting the resulting low—
speed lift coefficient by the Prandtl-Glauert factor.

COMPARISONS OF BUFFET BOUNDARIES WITH CRITERIA

The f£light—determined buffet boundaries as defined by the faired
curves of figure 5 are presented with the various buffeting criteria in
figure 6 for the eight stralght-wing airplanes,? and in figure 7 for the
two swept—wing alrplenes. The M, and Mp criteria have been omitted
fram figures 6(c) and 6(f) for the F~H51D and YF-84A airplanes because
insufficient wind—tunnel data were avealleble to permit their evaluation.
(Sée table I.)

Straight~-Wing Airplanes

A comparison of the buffet boundaries with the buffeting criteris
Por the straight—wing airplemes (fig. 6) discloses the outstanding
characteristic of the general conformity of the tremnd of the buffet
boundaries with that of the criteria for all the alrplanes except the
F—51H. This observation tfends to confirm the validity of the initisel
assumption that some charascteristic of the wing was the primary cesuse of
the buffeting, but does not obviate the possibility that the tail sur—
faces mdy be contributing to the buffeting. Further confirmetion of this
assunmption may be obtained by a comparison of the buffet boundaries of
the X~1 and D-558-1 airplenes (figs. 6(g) and 6(h)) which shows that they

ere almost identicel for these two airplanes having identical wing
sectlions.,

lThe airplane effective aspect ratic was also adjusted for compressibility
as suggested in this reference. )

Ztme buffet boundaries and criteria for the two ailrplanes for which
boundary points were not available, and which were therefore not shown
in figure 5, are presented in figure 6.

dionsmaus
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The buffet boundary of the F—51H airplane (fig. 6(d)) differs from
that of the other straight—wing airplanes in that it lacks the general
parallelism with, and intersects, all the buffeting criteria. This
implies that the initial buffeting was caused by somsthing other than
the wing. As a consequence, the F—51H airplene 1s not considered in the
subsequent discussion of straight—sring alrplanes.

The Mach number differences between the buffet boundaries of the
straight-wing aircraft and the various criteria have been plotted as &
function of 1lift coefficient in figure 8. This figure indicates, as
anticipated, that the . Mg criterion® is not only the most comservatlve,
but bears the least consistent relastién to the buffet boundaries. The
closer approximation aftalned by use of the crest—line criterion 1s evi-—
dent in figure 8(b). The Mach miumber differences for this criterion vary
from +0.11 to +Q.03. : ' '

One of the most consistent relationships to the buffet boundaries is
that of the lift—divergence criterion, M,. It 1s conservative for every
case evaluated, by a AMy, variation from +0.09 to +0. 024 The 1ift— ge
criterion hes a somewhat greater spread in AME (+0.07 to -0.02
The Mz criterion shows the leasgt difference, on the average, between 1t
and the buffet boundaries, but AMy varies from +0.03 to —0. 1k,

From the foregoing results it appears that a reasonably close esti—
mate of the. buffet boundary for straight—wing airplanes may be obtained
if it is assumed that the boundary will have the following relations to
the buffeting criteria:

Meximum deviation

Criterion AN from AM
or O 08
* 10.0¢ 1ou03
M, +0.06 —4?):82
M, .02 . _+ggi
My 0.00 igcl)i

8Tt should be nmoted that the curves of figure 8(a) were cbtained by
utilizing only those parts of the critical Mach nuwber curves (or their
extensions) derived from the pressure distributions over the central
portlon of the upper surface of the sirfoil. .

This criterion was evaluated for only five of the straight—wing airplanes
due to the limited test date available. (Continued on p. 13)
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The evaluation of a buffeting criterion for a swept—wing alrplans
may be carried out by two methods. For one method the free—stream veloc—
1ty would be used in conjunction with the section characterlstics of the
streamvise alrfoil section., For the other, the veloclty component noxrmal
to the swept reference line would be used in conjunction with the alrfoll
data for the section normal to that line. The free-stream Mach numbers
and airplane lift coefficients for the latter case should then be deter—
mined by dividing the normal Mach numbers by the cosine of the sweep
angle end multiplying the 1lift coefficients by the square of the cosine
of the sweep angle, as indicated by simple swept—wing flow theory,

Since the buffet boundaries of only two swept—wing airplanes were
available and any generalizations drawn from comparisons with the buffet—
ing criteria could not be considered conclusive, only the My criterion
has been presented for these alrplanes. The My criterion was chosen
because it afforded one of the most consilstent predictioms of the buffet
boumdaries for the atraight—wing sirplanes.

With figure 7, comparisons may be made between the buffet boundaries
and the Mp criterion, as evaluated by the two methods mentioned pre—
viously, for the two swept—wing airplasnes. A compzrison of the buffet
boundaries for the D-558-2 and F-86A ailrplanes indlcates that an anomaly
apperently exists, The boundary for the thicker wing alrplane (F-86A)
occurs at approximately 0.07 higher Mach number on the average than that
for the thimmer wing airplane (D-558-2). Whether or not this is due to
buffeting originating on some portion of the D-H558-2 airplane other than
the wing i1s not known; however, reference 8 mentions that the trailing
edge of the slats whon locked closed deflect upward in £iight which may
be a contribubing factor. As a conseguence, only the M, crlterion has
been evaluated eand no conclusioms have been drawn relative to the pre—
diction accuracy of the criterion for swept~wing airplanes by either of
the methods of calcula‘bion.

CONCLUDING REMARKS

From the comparisons of the five buffeting criteria with the flight—
determined buffet boundaries of seven stralght—wlng alrplanes, it 1s
epparent that a reascnable estimate of the buffet boundary of & straight—
wing alrplene may be obtained from the criteria discussed herein, .

4(Gonc:lud.ed..) If the Mg criterion (fig. 8(b)) is reconsidered for those
same airplanes used for the M, criterion (fig. 8(c)), varies
from only +0.04% to +0.10. Moreover, the remaining curves show approxi—
mately the same degree of parallelism with the buffet boundaries as do
those for the Mp criterion. As a consequence 1t 1s difficult to
recommend. one more highly than the other.
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The Mg and M, criteria afforded the most consistent predictions.
The choice of one or the other would depend upon the test data available.
If wind—tunnel data for the particular airfoll section {(or & reasonably
similar section) were available, the use of the M, criterlion would permit
the quickest and easiest prediction of the buffet boundary., If no test
data were avaeilable, the boundsry could be calculated by the use of the MB
criterion.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,
Moffett Field, Calif.
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Figure |.- Two -view drawings with some pertinent specifications of

airplanes tesfed in flight.
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Figure 2.- Wing - root airfoil -section confours of airplanes fested

in flight.
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Figure 3.— Typical time history of normal scceleration at the cemter
of gravity (arrow shows point of inciplent buffeting).
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Figure 4.- Comparison for F8F -/ airplane befween buffet
boundary points determined from accelerometer record
and those indicated by pilot.
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Figure 5~ Buffet boundary points, faired buffet
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criteria for eight straight-wing aircrafft.
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